Purpose To evaluate the natural course of end plate marrow (Modic) changes (MC) in the cervical spine on MRI scans of patients with neck pain. A few longitudinal studies have assessed the development of MC over time in the lumbar spine but only two recent studies evaluated MC in the cervical spine in asymptomatic volunteers and those with whiplash. Thus, this study now reports on the natural course of MC in the cervical spine in symptomatic patients. Methods From the cervical MRI scans of 426 neck pain patients (mean age 61.2 years), 64 patients had follow-up MRI studies. The prevalence and types of MC were retrospectively assessed on the follow-up scans and compared to the original MRI findings. Results With an average of 2.5 years between the two MRI scans, the prevalence of MC type 1 (MC1) noted at baseline (7.4 % or 19 motion segments) slightly increased (8.2 % or 21 segments) but the prevalence of MC2 (14.5 % or 37 segments) increased considerably (22.3 % or 57 segments). In addition, 14 new MC1 segments and 8 new MC2 segments were noted. Twelve segments with MC1 at baseline converted to MC2 at follow-up. No conversion from MC2 to MC1 or reverting to a normal image was observed.
Introduction
Dr. Michael Modic was the first to publish on identifying and classifying degenerative endplate and marrow changes surrounding a dehydrated intervertebral disc [1, 2] . He described three types of bone marrow changes. Modic type 1 changes (MC1) (low signal on T1-weighted sequences and high signal on T2-weighted sequences) were observed in 4 % of patients and believed to be linked to fibrovascular replacement within the subchondral bone [3] . Modic type 2 changes (MC2) (high signal on T1-weighted sequences and high-or isointense signal on T2 sequences) appear to be more common and indicate fatty replacement in the bone marrow [1, [4] [5] [6] . Type 3 changes (low signal on T1 and T2-weighted sequences) are much less frequent and correspond to subchondral sclerosis seen on plain radiographs [2] . Modic changes, particularly MC1, are believed to be associated with rapidly advancing degeneration [7] . They have been linked with low back pain (LBP) [8] [9] [10] [11] [12] [13] [14] and are less common in the asymptomatic population [6] . MC in the lumbar spine can convert from one type to another or revert back to normal [13, 15] and represent different stages of the same degenerative process [8] .
Most of the literature on MC focuses on the lumbar spine, with only a couple of studies reporting on the prevalence of MC in the cervical spine [16, 17] . The interexaminer reliability of diagnosing MC in the cervical spine has been shown to be upper moderate with almost perfect intra-examiner reliability [17] . The prevalence in patients over the age of 50 has been shown to be approximately 40 % of individuals or 14 % of the cervical motion segments evaluated [16, 17] with MC2 predominating. Although several studies dealing with the natural course of MC in the lumbar spine have been undertaken [1, 5, 7, 14, 15, [18] [19] [20] [21] [22] , only two recent studies investigating the dynamics of MC over time for the cervical spine were found [23, 24] . However, one study only evaluated the course of MC in asymptomatic subjects and the other study had an 11-year time period between the baseline and MRI follow-up scans. Therefore, the present study aims to evaluate the course and development of MC in the cervical spine in neck pain patients and compare the findings with the studies on MC in the cervical spine mentioned above as well as correlate with similarly designed studies conducted on the lumbar region.
Materials and methods
Of the 426 patients over the age of 50 with available cervical MRI scans used in a previous study from our orthopaedic university hospital, starting from 2002, 76 of these patients had follow-up examinations (T1-and T2-weighted sagittal and axial images). Exclusion criteria, as obtained from the imaging reports or noted on the MRI, comprised recent acute vertebral fractures including Schmorl's nodes, surgical fusions, spinal infections or tumors, inflammatory spondyloarthropathy, hemodialysis spondyloarthropathy, congenital or acquired block vertebrae, scoliosis involving a vertebral column curvature of [15°as well as patients who had undergone radiotherapy. Twelve of these 76 patients were excluded leaving 64 patients, 27 female and 37 male, with baseline and follow-up MR imaging for evaluation of the prevalence and type of MC on both imaging dates.
Imaging characteristics and classification of MC were standardized based on the literature and agreed by consensus within the two readers. Prior to study initiation, the two radiologists evaluated a sample set of images and held an in-person meeting to review and refine the standardized definitions. Because this was a retrospective study using data routinely collected, and because patients signed informed consent prior to their procedures, specific ethics approval for this study was not required according to a waiver issued by the ethics committee. Each patient was assigned a number, and data were collected for patient age, gender, presence or absence of MC, MC type and the respective segmental level. Given the fact that MC3 is usually a very rare finding, only MC1 and MC2 were considered in the present study. No mixed MC types were considered. In cases where a 'mixed' MC1 or MC2 was noted, the case was classified as either MC1 or MC2 based on the predominate finding. Only the motion segments C3/ 4, C4/5, C5/6 and C6/7 were evaluated due to the fact that MC are much less frequent in the other cervical segmental levels [16, 17] . SPSS program (Version 16.0, SPSS, Chicago, IL, USA) was used for the statistical evaluation. The prevalence rates of MC were reported in relation to the number of affected motion segments. The prevalence rates were studied in relation to MC type, gender and mean age at baseline.
Results
A total of 64 patients (256 motion segments) were considered in the final MRI comparison evaluations. The mean patient age was 61.2 years (range 50-83), the gender distribution was M:F = 37:27 or 58 % male and 42 % female patients. Out of these 64 patients, 37 or 58 % showed MC in the baseline MRI study (56 motion segments out of a possible 256 or 21.9 % of motion segments evaluated) and 46 patients or 72 % (78 motion segments out of 256 or 30.5 %) showed MC in the follow-up MRI study. This corresponded to 19 motion segments or 7.4 % with MC1 and 37 motion segments (14.5 %) with MC2 in the baseline study. At follow-up, MC were observed in 78 motion segments (30.5 %); 21 motion segments (8.2 %) had MC1 and 57 motion segments (22.3 %) demonstrated MC2 (Table 1) .
New MC were detected in 22 segments (8.6 % of the total motion segments). Of these new MC, 14 or 5.5 % were MC1 and 8 were MC2 (3.1 %). The change from MC1 to MC2 occurred in 12 motion segments of the original 19 or 4.7 % (Table 2; Fig. 1 ). No cases of a change of MC2 to MC1 or a disappearing MC were observed.
The average time between MR examinations in the subgroup with the new MC1 was 2.4 years. In the subgroup of new MC2 the average time between MRI was much longer with an average of 5.0 years and in the subgroup with change of MC1 to MC2 the average time between MRI examinations was 3.1 years (Table 2) .
Discussion
The present study reported here is one of the first to describe the natural course and development of MC over time in the cervical spine in symptomatic patients. This occurred as the follow-up study to a larger prevalence and reliability study performed previously [17] . Between the baseline and follow-up MR imaging (mean time between the exams 2.5 years) new MC were detected in 22 motion segments (8.6 %). The most common findings observed were the increasing prevalence of MC (both types) over time, the new MC1 and evolution of MC1 to MC2. These results support those reported from several studies conducted on the lumbar spine [1, 5, 12, 14, 19, 21] . No cases were found, however, where previously observed MC in the cervical spine had disappeared or where MC2 converted to MC1 as has been reported in some previous lumbar spine follow-up studies [7, 13, 15, 18] . A previous prospective study conducted in the cervical spine [23] with 497 originally asymptomatic healthy volunteers at baseline (mean age 50.5 years) [25] and 223 at follow-up showed an increase in the prevalence of both MC types over time from 4.5 to 13.9 % of subjects. However, there was only a slight increase of MC1 over the time period (seven subjects affected at baseline and nine at follow-up) but a considerable increase of MC2 with 3 subjects affected at baseline and 18 subjects at follow-up. These developments were positively associated with age older than 40 years, male gender and pre-existing vertebral disc degeneration. A long time frame between the two MR examinations (average 11.6 years), a wider range of cervical motion segments evaluated (from C2/3 to C7/Th1, i.e. six segments per patient), the statistical evaluations being performed only with persons and not with the number of motion segments and the fact that at baseline only asymptomatic subjects were included could explain the differences in results between that study and the present study performed with actual neck pain patients. This same group of authors also published a study looking at MC in the cervical spine over a period of 11 years in patients who sustained a whiplash injury [24] . Although there were only four patients (seven motion segments) with MC at baseline, 11 years later all of these MC had disappeared and those MC that were visualized (only 17 patients) were all new. Thus the natural history of MC could not be explored in that study due to the long time interval between the MRI studies and the few subjects with Modic changes present. The authors reported no link between the MC seen on the follow-up scans and patient symptoms and no significant difference between the prevalence of MC seen in asymptomatic subjects. However, the sample size with MC was very small and not all patients in the whiplash cohort were symptomatic at follow-up. Furthermore, no categorization of the severity of the whiplash associated disorder (WAD) was reported. These authors did however find a link between MC and pre-existing posterior disc protrusion, similar to that reported in our previous study from which the baseline data for this follow-up study were taken [17] . Thus, the fact that our current study had a substantially higher proportion of patients with MC at baseline (37 patients) and follow-up (46 patients), no cases of disappearing MC, and several cases of MC1 changing to MC2 over time, contributes significant information about the likely natural history of this finding. Our study also found interesting differences in the time periods between the appearance of 'new' MC1 and 'new' MC2 as well as the time period for MC1 to change to MC2. This information was not reported in the two previous studies mentioned above and therefore adds further information on the natural history of MC in the cervical spine. Another recent study of MRI findings in the cervical spine compared patients with lumbar disc herniation but no neck pain with asymptomatic volunteers [26] . Interestingly patients with lumbar disc herniation had a higher prevalence of disc degeneration in the cervical spine compared to the control group. However, MC were not evaluated in that study.
Little information is currently available on the clinical significance, if any, of MC in the cervical spine other than the link with disc herniation [17, 27] . Some datas are available for the lumbar spine with one study [19] in patients with LBP evaluating MC over a 14-month period in 96 patients (11 endplates, i.e. L1-S1 or 5.5 motion segments). The authors observed a progression of MC1 to MC2 in 40 % of endplates within this short period of time. In addition, the presence of MC1 at both baseline and follow-up was found to be associated with a poor clinical outcome of LBP.
A further study on the lumbar spine [15] reviewed subsequent MRI scans of 49 patients or 245 motion segments (five segmental levels per patient) with a mean age of 42.6 years and an average time of 2 years between the exams. Of the 36 motion segments with MC1 seen at baseline 13 progressed to MC2, 3 progressed to MC3 and two reverted back to normal. Of the 22 segments with MC2 at baseline, none progressed to MC3 and four reverted back to MC1. One noticeable difference between studies evaluating the course of MC over time in the lumbar spine compared to the studies in the cervical spine is that neither the previous cervical spine study [23] nor this current study found that MC in the cervical spine either disappeared or reverted to an earlier type. This may be due to the relatively small sample sizes however.
Limitations
The lack of a standardized and consistent time period between the baseline and follow-up MRI (mean time 2.5 years) likely influenced the results obtained in this study. The considerably longer average time between the baseline and the follow-up exam in the subgroup of patients with the development of new MC2 (5 years) compared to the patients with new MC1 (2.4 years) or MC1 converting to MC2 (3.1 years) suggests that new MC1 likely developed in some patients, but were not detected prior to their change into MC2 due to a longer time between the examinations. This hypothesis is supported by research on MC in the lumbar spine. MC are likely to develop over time and therefore represent different stages of a degenerative process, which is progressive. MC1 tends to precede MC2 whereas MC2 tends to be more stable [1, 8, 15, 18] . Modic et al. [1] reported that the natural course of MC1 in the lumbar spine is to convert to MC2 over a time period of 13-36 months.
In this current study, we have only considered patients over 50 years of age based on the evidence from research on the lumbar spine indicating that degenerative changes detected on imaging are more prevalent with advancing age [10, 12, 27, 28] . Therefore, it is likely that the prevalence of particularly MC1 reported here for this older population does not accurately reflect what may be found if a wider age group had been included. The prevalence of MC in the subgroup of patients from the baseline study used for the follow-up study was higher than the prevalence in the whole baseline sample (7.4 % of segments with MC1 in the subgroup and 4.3 % in the whole sample at baseline with 14.5 % of segments with MC2 in the subgroup and 10.1 % in the whole sample). Perhaps those patients who underwent a follow-up MR examination were more likely to have worse symptoms and more advanced degeneration compared to the patients who did not have a further MRI. Further studies evaluating whether or not there is a link between MC in the cervical spine and patient symptomatology are needed.
A further major limitation may be the selection bias, since out of 426 symptomatic patients from the baseline examination only 76 had a follow-up MRI examination (average 2.5 years). This small percentage of only 18 % may be because some of these patients did not seek further treatment, applied to another institution, or had symptoms that improved with treatment and thus did not require further imaging. For this part of the original sample the prevalence and course of MC could not be assessed.
Another limitation is the lack of a control group of asymptomatic subjects with which to compare the prevalence and natural history of MC. However, the purpose of this study was to follow the protocol of similar studies published on MC in the lumbar spine [14] .
Conclusions
Modic changes in the cervical spine are a dynamic phenomenon similar to the lumbar spine. The appearance of new MC1 and the conversion of MC1 to MC2 over time were the most common patterns observed in those patients with MC. No cases of disappearing MC or conversion of MC2 to MC1 were observed. Follow-up studies with a larger sample of patients should be conducted to clarify whether or not the prevalence of the various MC in the cervical spine is linked with symptoms or is prognostic of treatment outcomes as is being done in the lumbar spine [9-11, 13, 27] .
